Total-energy and electronic-structure calculations have been performed for elemental zinc in the fcc, bcc, and hcp structures, using the general-potential linearized-augmented-plane-wave method within the local-density approximation. Calculated static structural properties for the hcp structure in good agreement with experimental data as well as the correct ordering of phases are obtained. In order to assess the importance of non-muffin-tin contributions to the potential, calculations have also been performed using a muffin-tin-approximation augmented-plane-wave code. It is found that, while the close-packed fcc phase can be rather well described using a muffin-tin potential, the bcc phase is not as well described in this approximation.
I. INTRODUCTION II. METHOD OF CALCULATION In this manuscript we report the results of localdensity-approximation (LDA) -based total-energy and electronic-structure calculations for zinc. These calculations were performed for the equilibrium hcp structure as well as the fcc and bcc structures, using the genera1- potential linearized-augmented-plane-wave (LAPW)
method. In addition, a series of parallel calculations have been performed in order to test the sensitivity of the results to the particular choice of exchange-correlation (XC) functional and the effect of muffin-tin approximation. The motivation for this study is twofold. The first motivation derives from a desire to obtain an understanding of certain structural properties of zinc in terms of its electronic structure. In particular, in this study we explore the relationship between the fairly distorted (c ja=1.828) hcp structure of zinc and its electronic structure.
The second motivation for this study results from the fact that an extensive series of calculations has been performed on the Cu-Zn alloy system by Johnson and coworkers, who used a muffin-tin Korringa-KohnRostoker - coherent-potential-approximation (KKR-CPA) approach. ' This series of calculations was performed both because of the physical interest in this particular alloy system and also in order to demonstrate the capability of their approach. In order to fully describe this alloy system an understanding of the end points and their phase stability is essential.
However, to our knowledge no ab initio LDA-based total-energy study has been performed for zinc in its equilibrium hcp structure. Further, while calculations have been performed for the fcc structure, these were not performed using a general-potential approach, and thus the errors introduced by the muffin-tin approximation (which is also used in the KKR-CPA method referred to above) have not been quantified. In addition, the calculations of Ref.
3 did not include relativistic effects which are included in the present study. Therefore it seems that a study of bulk zinc and the applicability of the muffin-tin approximation to this system is needed.
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Since the general-potential LAPW method has been discussed in detail elsewhere, only those aspects particular to the present study are discussed here. A more gen- Since the expansions of the charge density and potential are unrestricted in both regions this partition does not result in any shape approximations.
However, in order to maintain the efficiency of the method, it is advantageous to choose the sphere radii, RMT, as large as possible, sub- ject to the constraint of nonoverlapping spheres. In the present study a zinc-sphere radius of 2.20 a.u. was used, with a basis-set cutoff corresponding to RMTE, "=9. 0.
Inside the spheres the LAPW basis functions were expanded up to l=8, as were the charge densities and potentials. All the electrons were treated variationally, the core electrons fully relativistically in an atomiclike approxirnation, and the valence electrons in a scalar relativistic approximation.
The Brillouin-zone Fig. 4 . The main difference is that the HL XC functional yields an equilibrium lattice parameter 1.3%%uo smaller than the Wigner functional for both structures, along with a larger bulk modulus (6% and 14% for the fcc and bcc phases, respectively). It is noteworthy that the energy difference between the fcc and bcc structures is predicted to be the same to within 0.1 mRy/atom for both XC functionals.
As mentioned, in view of the recent work on the Cu-Zn alloy system, it is of considerable interest to examine the applicability of the muffin-tin approximation to zinc. Accordingly, calculations parallel to those used in order to test the sensitivity to the choice of XC functional were performed using a self-consistent muffin-tin APW approach. " The results of these calculations are given in Table II and Fig. 4 For the fcc structure both the lattice parameter and bulk modulus are in quite good agreement with the results of the general-potential calculations, indi- cating that the muffin-tin approximation provides a good description of this close-packed phase. On the other hand, a somewhat worse agreement between the two calculations is obtained for the more open bcc structure. In addition the bcc-fcc energy difference is predicted to be more than 2 mRy/atom larger using the muffin-tin approximation. In view of the good agreement for the lattice parameter and bulk modulus of the fcc phase we believe that most of this error can be ascribed to the inaccuracy of the muffin-tin approximation for the bcc phase. This is consistent with the sign of the error. In most cases imposing the muffin-tin approximation may be expected to result in an increase in the total energy. This is due to the fact that the total energy contains density potential integrals. These preferentially weight the regions where the potential is lowest since the charge density tends to be larger in these regions. On the other hand, in a muffin-tin calculation the potential (and charge density) is averaged before this integration and so this preferential weighting is suppressed. To summarize, our calculations indicate that the muffin-tin approximation is quite reasonable for fcc zinc and thus in all likelihood is reasonable for the study of the close-packed Cu-Zn alloy system, but is not as reliable for treating the bcc structure. In order to verify that the differences calculated using the parallel LAPW and muffin-tin APW calculations were in fact due to the muffin-tin approximation, tests were performed in order to verify that the convergence with respect to the Brillouin-zone samples was the same for both methods. Accordingly, parallel calculations were carried out at the equilibrium lattice parameters of 3.03 and 3.82 A for the bcc and fcc structures, respectively. These calculations were performed using sarnplings of 14 and 55 uniform1y distributed k points for the bcc structure and 20 and 89 k points for the fcc structure. In addition, well-converged calculations using 240 and 408 special k points were carried out for the bcc and fcc structures, respectively, using the LAPW method. For the bcc structure the LAPW calculation with 14 k points yielded a total energy 9.73 mRy higher than the calculation with a 55-k-point sampling. This is very close to the difference of 9.64 mRy obtained using the muffin-tin APW method and thus demonstrates that the convergence with respect to Brillouin-zone 
